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Abstract 

In this short note , using concepts of p-Adic QFT and p-branes, 
we derive the transfinite M theory generalization of the inverse fine 
structure constant given by (cxm)~ 1 = 100 + 610 . The orginal El 
Naschie and Selvam-Fadnavis inverse fine structure constant value 
{oi H s)~ l = 100+600 was based on a transfinite heterotic string theory 
and a quasiperiodic Penrose tiling formalism, respectively. Here (ft is 
the Golden Mean 0.6180339.... Our results are consistent with the re- 
cent astrophysical observations of the Boomerang and Maxima experi- 
ments ,the previous results based on the four dimensional gravitational 
conformal anomaly calculations, and with an enhanced spacetime hi- 
erarchy of a suitable number of lines living on Del Pezzo surfaces. 

Motivated by the fact that the bosonic membrane is devoid of anomalies in 
d = 27, and the supermembrane is anomaly free in d = 11 [2] , and that 
the anomaly free ( super) string actions ( d — 26, 10 ) are directly obtained 
by a double-dimensional reduction process of both the world-volume of the 
( super) membrane and the target spacetime dimension , where the ( super) 
membrane is embedded, we shall derive the transfinite M theoretical gen- 
eralization (om) 1 to El Naschie's inverse fine structure constant {ans) 1 
which was based on a transfinite Heterotic string theory formalism [1]. 
Selvam and Fadnavis [15] , independently, obtained this value using a quasiperi- 
odic Penrose tiling model ( a quasicrystal ) associated with the logarithmic 
spiral, with a golden-mean winding number, which represents a bidirectional 
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vortex ( eddy) circulation process with a five- fold symmetry. Taking into 
account that there are 5 steps in this process , both in a clockwise and 
counterclockwise motion, giving effectively a factor of 5 x 2 = 10 times the 
fundamental variance which in turn is 2(1 + 0) 4 , they obtained the value 
of the total variance of the fractal structure associated with the 5 succesive 
growth-steps modelled by the Penrose quasi-crystal : 

Total Variance = 5 x 2 x 2(1 + 0) 4 = 100 + 600 

which agrees exactly with El Naschie's value based on a transfinite heterotic 
string theory formalism. This is no coincidence. Cantorian fractal spacetime 
has a p-adic topology and this topology is precisely the one present in those 
quasicrystals obtained as limiting quasiperiodic point sets with p-adic inter- 
nal symmetries. The Penrose tiling is a special case of a variety of well known 
quasiperiodic tilings like the chair tiling and the Robinson square tiling [17]. 
Roughly speaking, the electron is a quasiperiodic process or a quasicrystal, 
as we shall see below. 

We will see as well that the inverse fine structure constant obtained by the 
author [ 3] based on a four dimensional gravitational conformal anomaly cal- 
culation [4] (a conformal)" 1 has for lower/upper bounds the values (ans) 1 
and (om) -1 respectively. All one needs is to use the following fundamental 
identities : 

(l + 0) fc = F fc+1 + F fc 0. fc = (-l) fc F fc _! + (-l) fc+1 F fc (1) 

0(1 + 0) = 1 =>. = ^ ~ 1 = 0.6180339.... (2) 
where F k are the Fibonnaci numbers obeying : 

F k + F k+1 = F k+2 . F fe = 1,1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144.... (3) 

0= lim -p-. (4) 
The identities ( 1 ) can be derived by setting : 

(1 + 0) fe = A k + B k <\> => (1 + 0) fc + (1 + 0) fc+1 = (1 + 0) fc+2 = A k+2 + B k+2 <P = 

[A k + A k+1 ] + [B k + 5 fe+ i]0. (5) 
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after an induction process and after using eqs-(3) which define the Fibonnaci 
numbers. A p-adic QFT argument [5,6,7] allows us to show that the M 
theoretical generalization to the inverse fine structure constant is uniquely 
determined by : 

(cm)- 1 = 1 + (1 + 0) 2 + (1 + 0) 5 + (1 + 0) 10 = 

(Fi + F 3 + F 6 + F 11 ) + 4>{F 2 + F 5 + Fio) = 100 + 610. (7a) 

This expansion of (om) -1 in integer powers of 1 + is the analog of the 
expansion of 137 in powers of p = 2 : 

137 = 1 + 8 + 128 = 2°(1 + 2 3 + 2 7 ) (76) 

and whose p-adic norm is ||137|| 2 = (1/2°) = 1. Notice that one could have 
performed the lacunar series expansion of the form 

5>n(l + </>) (1+< ^ (7C) 

a lacunar series is given in powers of the form p pU but this has not the desired 
p-Adic form because (1 + 0) n is not an integer as verified by the fundamental 
identities eq-(l). Also we must restrict the coefficients a n to be integer valued 
0, 1 < 1 + 0. 

El Naschie's value based on string theory is given by ten copies of the 
complexified dimensions of the transfinite space 8^ whose real- valued Haus- 
dorff dimension is (1 + 0) 4 : 

(ansy 1 = 1Ox2(1+0) 4 = 137+0 5 (l-0) 5 = 100+600 = 137.082 (8) 

The hierarchy of dimensions obtained by El Naschie were given by suitable 

powers of 100™ for n — 0, ±1, ±2, The n = power corresponds naturally 

to the core dimension of the Heterotic string d = 10 and the hierarchy of 
dimensions for n = ±1, ±2 were 4 — k; 6 + k; 10; 16 + k; 26 + k respectively, 
with the value for k = 3 (1 — 3 ). 

However, a close inspection reveals that the quantity (a^s) 1 — 100 + 600 
does not admit a p-Adic expansion in the form given by eq-(5a); i.e like 
the value (c^m)' 1 = 100 + 610 does. This is a direct consequence of the 
fundamental identities (1). The value of 4 — k is not the Hausdorff dimension 
consistent with the four dimensional gravitational anomaly calculations [3, 
4 ] because the latter value is greater than four . The average dimension of 
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the world d ~ 4 + 3 = 4.236.... This is another reason why one should have 
for core dimension the value of d — 11, the dimension of the anomaly free 
supermembrane. We will go back to this crucial point shortly. The value 
obtained from the gravitational conformal anomaly calculation was [3] : 

(cw/orw)- 1 = 2 ^ 2 + _ 1 | 2 ) = 137.6414382326. D = 4 + e = 4<5 = 4+^. 

*=l + y- ( 9 ) 

This value of the inverse fine structure constant is associated with a fractal 
spacetime dimension of 4 + e = 4 + (0 3 /2) . It corresponds to an infrared 
fixed point of the renormalization group where scale invariance is restored 
[4]- 

In ordinary ( super ) string theory, a regularization procedure breaks confor- 
mal invariance except in the critical dimensions d = 26; d — 10 . From the 
conformal field theory point of view this implies that the beta function asso- 
ciated with the worldsheet couplings of the non-linear a model corresponding 
to the ( super ) string have a fixed point ; i.e the beta function vanishes in 
the critical dimensions and conformal invariance is restored in those special 
dimensions. Hence we have finally : 

(ans)' 1 = 100 + 600 = 137.082 < (a con y l = 137.6414 < (a M ) _1 = 

100 + 610 = 137.700 (10) 

Now we shall go back to the crucial point of having d — 11 as the core dimen- 
sion of the transfinite nonperturbative M theory. We mentioned earlier that 
the bosonic membrane is free of anomalies in d = 27 and the supermembrane 
is anomaly free in d — 11 [2] and that strings are obtained automatically by 
dimensional reduction . 

The nonperturbative M theoretic generalization of the inverse fine struc- 
ture constant are due to the following p-brane configurations for values of 
p = 0,2, 5, 10 living in d — 11 topological dimensions . The 5 brane and the 
membrane , p — 2, are Electro-Magnetic dual to each other in d = 11 since 
EM brane duality requires the numerical relation between the values of the 
spatial dimensions to be : 11 = 2 + 5 + 4. The p = 0-brane corresponds to 
the center of mass of the system and the p = 10 brane is the spacetime filling 
since 10 + 1 = 11. Since among our p-brane configurations we have the mem- 
brane (a p = 2 brane ) living in d — 11 dimensions ( and its EM dual 5-brane 
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) this transfinite M theory does naturally contain heterotic strings in d = 10 
dimensions by a straightforward dimensional reduction of the membrane. 
Following Eddington's view that the inverse fine structure constant is an in- 
ternal dimension we can see that the net value 100 + 610 = {au)~ l is the 
sum of the ( fractal ) Hausdorff dimensions of the four transfinite spaces 
associated with certain p-branes embedded in d — 11 topological dimensions 

The ( spacetime filling ) 10-brane spans an 11-dimensional worldvolume; the 
5-brane spans a six dimensional one; its Electromagnetic-Dual Membrane 
spans a three-dimensional worldvolume and the center of mass ( 0-brane) 
, spans a one-dimensional line, the normal set These ( topological ) 

dimensions corresponding to the worldvolumes, worldlines, spanned by 

these p-branes as they evolve in time , match precisely the topological di- 
mensions associated with the four transfinite sets given in eq-(ll). 
It is suggestive to think that the four transfinite sets present in the decompo- 
sition (11) could be related to the electromagnetic, electroweak, strong and 
quantum gravity phases in Nature. The number 100 + 610 can be recast 
explicitly as : 

(auT 1 = 137 + 5 (1 - 5 ) + = 100 + 610. (12) 

The first term 137 is the usual U(l) contribution; the second term 5 (1 — 
5 ) = 600 — 37 is the electroweak and strong interaction contributions found 
by El Naschie [ 1] and the additional term is the Nonperturbative M the- 
oretic corrections; i.e a quantum gravity effect. 

At first hand one may be inclined to object to such an " erroneous " claim 
because the contribution of is not small. In fact it is larger than 5 (1 — 5 ). 
However, one must realize that in this Nonperturbative transfinite M theory 
there is a nontrivial ultraviolet /infrared entanglement ( mixing ) like that 
occuring in the construction of Quantum Field Theories in Noncommutative 
Geometry . It is reminiscent of the large-scale/small-scale T duality in string 
theory. Therefore, due to this highly nontrivial ultraviolet /infrared entangle- 
ment/mixing the large correction is truly an infrared quantum gravity con- 
tribution, as it should be, since adding this term is precisely what is needed 
to match the value obtained from the gravitational conformal anomaly cal- 
culation [ 3,4] of the inverse fine structure constant. Such contribution was 
due precisely to an infrared long distance effect as a result of the quantum 
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conformal mode fluctuations of the spacetime metric over large scales whose 
overall effect is to screen the electric charge at large distances and cause the 
inverse value of the fine structure constant to increase. 
Within the framework of the the fine structure value obtained independently 
by Selvam and Fadnavis [15] we can interpret the additional value of the 
Golden Mean 0, to their value of 100 + 600, due to the intrinsic initial pertur- 
bation which orginated the logarithmic spiraling growth process in succesive 
5 steps ( clockwise/counterclockwise ). When one speaks of growth steps 
we must specify with respect to what the initial perturbation of this growth 
process refers to. 

Therefore, a straightforward p-Adic QFT argument [5,6,7] yields the Nonper- 
turbative transfinite M theoretical extensions to El Naschie-Selvam-Fadnavis 
inverse fine structure constant. The value 100 + 610 is consistent with the 
most recent Astrophysical data of the spectral density index obtained from 
the Boomerang and Maxima experiments measuring the primordial cosmo- 
logical background curvature perturbations [8, 9 ] . The spectral index of 
the two-point correlation function of the Cosmic Microwave Background ra- 
diation due to the density perturbations, induced by the curvature fluctua- 
tions, was given in terms of the quantum trace anomaly [4] and the value is 
n = 2 A - 3 = 1.0299358 where A = 2.0149679 > 2 in full agreement with 
the numerical bounds of Covi and Lyth [8]. 

In a forthcoming publication [ 9] we shall present a lengthy and detailed dis- 
cussion of the results discussed in this short note. Especially , the deep inter- 
relation among p-Adic QFT [5,6,7] ; the Bruhat-Tits tree-like p-Adic Topol- 
ogy of Cantorian-Fractal Spacetime [1] , the Non-Archimedean Geometry 
associated with the Algebraic continued-fraction Renormalization group-like 
procedure of the physical constants and the p-Adic hierarchical structures of 
( symmetry breaking ) phases in stochastic processes [10, 11 ]. 
What remains is to look at the hierarchy of dimensions generated by this 
transfinite M theory. The hierarchy generated by the core dimension of 
d — 11 is given by 110™ for different values of n is : 

n = =>■ d = 11 

n = -1 => d- x = 11(1 + 0) = 17.7983 
n = -2 =>• d_ 2 = 11(1 + 0) 2 = 11(2 + 0) = 28.7983 
n = +1 d +1 = 11(0) = 6.7983 



6 



n = +2 d +2 = 11(0) 2 = 11 - 110 = 5 - 0.7983 = 4.2017. (13) 
Hence this hierarchy has the following dimensions : 

28.7983, 17.7983, 11, 6.7983, 5 - 0.7983 = 4.2017. (14) 

The author has been informed by Metod Saniga [14] that this hierarchy in 
its integer valued part , is almost exactly reproduced by the sequence of 
number of lines lying on Del Pezzo surfaces if one adds one to each value 
: 28; 17; 11; 7; 4 that would mean nothing but that Del Pezzo hierarchy cor- 
responds to spatial dimensions only , while this enhanced hierarchy grasps 
both space and time dimensions ! [14]. 

As we said previously, the lower dimension 4.2017 is consistent with the four 
dimensional gravitational anomaly calculation [3, 4 ] and with the recent 
Astrophysical data [8, 9]. A p-Adic interpretation to the fundamental scales 
in Physics has been given by Pitkanen [7] based on the Mersenne primes : 
M = 2 m — 1 for m = prime. Some values of m that yield a Mersenne prime 
are : 

m = 2, 3, 7, 13, 17, 19, 31, 61, 89, 107, 127, 521 (14) 

Pitkanen's p-Adic Length Scale hypothesis is obtained by selecting the elec- 
tron Compton wavelength as a reference scale which allows to fix the size of 
an internal CP 2 space whose isometries are linked to the standard gauge sym- 
metries of the fundamental interactions. The electron Compton wavelength 
was chosen to be the one associated with the Mersenne prime corresponding 
to M 12 7 = 2 127 — 1 which fixes the size of the internal space to be : 

l ~ 137.6 x 10 2 Planck. (15) 

The hierarchy of fundamental scales in physics is given by : 

L = ^p~l . p = M = 2 m - 1 

The following values for the Mersenne primes are : 

1 - M 127 L ~ 10~ 10 cm = electron 

2 — M107 L ~ 10~ 14 cm = proton 

3 - M 89 L ~ 10~ 16 cm = W boson 

4 — Mqi L ~ 10~ 20 cm = Michael Conrad's Fluctuon particle [20] 



7 



5 - M 521 L ~ 10 27 light years = Super astronomical scale 

6 - M 2 = 2 2 -1 = 3^L~ GC/T scale 

The reader may ask, do the remaining scales in between correspond to new 
particles and forces ? This question is perfectly valid. For a discussion of 
Woo Geometry and a master field in infinite dimensions that generates an 
infinity of higher spin massless gauge fields ( interactions ) in lower ( four ) 
dimensions see [23] . 

The main conclusion of this work is the following : The value (cxhs) 1 — 100+ 
600 does admit the decomposition 1Ox2(1+0) 4 consistent with the hierarchy 
of ( complexified ) dimensions generated by the core d — 10 dimensions of 
superstrings but fails to admit the correct p-Adic decomposition exhibited 
by (c^m) 1 = 100 + 610 shown in eqs-(5). Since 61 is a prime number one 
can see automatically that 100 + 610 has for lower and upper bounds the 
following ( complexified ) dimensions belonging to a hierarchy of dimensions 
generated by the core d — 10, d — 11 dimensions of the superstring and the 
anomaly free supermembrane, respectively : 

1Ox2(1 + 0) 4 < 100 + 610 < 11 x 2(1 + 0) 4 . (16) 

Constraining the inverse fine structure constant to lie in the interval 136 < 
a^ 1 < 138 ; to be compatible with recent Astrophysical data [8, 9 ] and with 
the gravitational conformal anomaly results [3,4], which imposes d = 4 + e 
, we conclude that one cannot simultaneously satisfy both conditions of a^ 1 
having the correct p-adic expansion like in eq-(5) and in being a member of 
the hierarchy of complexified dimensions of the form a^ 1 = 2d(l + 0) fc for 
d = integer core-dimensions and k = integer. 
One would require to have a relation of the type : 

136 < Y, °n(l + 0)™ = 2d(l + 0) fc < 138. (17) 

n 

it seems that this equation does not have solutions for a n — 0, 1 and d,n,k — 
integers in the range between : 136 < a' 1 < 138. However, a value of the 
inverse fine structure constant like : 11 x 2(1 + 0) 4 ~ 150.788... is consistent 
with that value obtained by Nottale using scale relativistic arguments if, and 
only if, the number of Higgs doublets is 7 [16] . The value obtained by Nottale 
is : 

a" 1 = 137.08 + 2.11(N H - 1) ±0.13. (18) 
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in very good agreement with the experimental value of 137.036 provided 
N H = 1 and with the value 11 x 2(1 + 0) 4 ~ 150.788... provided N H = 7 . 

We believe this cannot be just a numerical coincidence but that an underly- 
ing p-Adic internal symmetry operates in the Fractal structures of Nature. 
T. Smith has used the Hyperdiamond lattice model associated with the ex- 
ceptional group E 8 , and Octonions, to derive the value of the inverse fine 
structure constant 137.068... . In particular, using the Feynman chessboard 
construction on Hyper-Diamond structures gives the physics of the Standard 
Model plus Gravitation [18] . Ord has used a similar Feynman chessboard 
construction to formulate a spiral gravity model [21]. The E 8 lattice can be 
represented by quaternionic icosians , as described by Conway and Sloane 
[19]. This Eg lattice can be constructed using the Golden Mean ratio from 
the -D4 lattice which has a 24-cell nearest neighbour polytope. We refer to 
[19] for details. 

Based on the results presented in this work we dare to say that the fundamen- 
tal particles, themselves, like the electron, can be visualized as a nonlinear 
dynamical ( multi ) fractal process, represented by a Penrose quasicrys- 
tal , for example. It is this lattice structure that is behind the values of 
the fundamental constants in Nature. Multifractality governs also the prime 
number distribution [22] . Not suprisingly, we are going to see more and 
more in the near future how all these disciplines : number theory, algebraic 
geometry, Cantorian Fractal spacetime, quasicrystals, p-Adic QFT, Noncom- 
mutative/Nonassociative Geometry, fractal strings.... merge together. 
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